Background: Earlier studies have shown an association between secondhand tobacco smoke and allergy development in children. Furthermore, there is an increased risk of developing an allergy if the parents have an allergy. However, there are only few studies investigating the potential synergistic effect of secondhand tobacco smoke and allergic heredity on the development of an allergy. Methods: The study was population-based cross-sectional with retrospective information on presence of secondhand tobacco smoke during early life. The study population consisted of children who visited the Child Health Care (CHC) centres in Malmö for their 4-year health checkup during 2006-2008 and whose parents answered a self-administered questionnaire (n = 4,278 children). The questionnaire was distributed to parents of children registered with the CHC and invited for the 4-year checkup during the study period.
Background
Today about 1 billion people smoke worldwide and every second child is exposed to secondhand tobacco smoke [1] . In Sweden about 1 million people smoke, 11% of the men, 14% of the women [2] and 6% of the pregnant women [3] . Even though secondhand tobacco smoke has decreased during later years, about 6% of Swedish mothers smoked when the child was 0 to 4 weeks and 7% when the child was 8 months old, while 11% of the fathers smoked when the child was 8 months of age during 2006 [3] . Exposure to secondhand tobacco smoke is today considered a risk factor for the development of lower respiratory illness among young children [4] , and secondhand tobacco smoke has been shown to be associated with asthma and wheezing episodes until 6 years of age [5] , allergic sensitization and sensitization to food allergens [6, 7] , and the development of atopic eczema [8] . Furthermore, among children with an ongoing asthma, secondhand tobacco smoke exposure is considered to cause a more severe course [5] . However, research considering exposure to secondhand tobacco smoke and allergic sensitization present inconclusive results [9] . Furthermore, while earlier studies have shown an increased risk of developing an allergy if the parents have an allergy, there are only few studies [8, [10] [11] [12] investigating the potential synergistic effect of secondhand tobacco smoke and heredity on the development of an allergy. For example, in the study by Krämer et al. there was an association between cotinine to creatinine ratio (CCR), as a measurement of ETS, and sensitization against house dust mites among children with parental atopy [8] .
The aim of the present study was to investigate the association between secondhand tobacco smoke at an early age and presence of allergy/having sought care due to allergic symptoms in 4 year old children in Malmö, the biggest city in the county of Scania, Sweden. We also wanted to examine whether a potential association between secondhand tobacco smoke was similar in children with heredity for allergy, i.e., with at least one parent having an allergy and children with no such heredity.
Methods

Study population
This study was conducted in Malmö, the third largest city in Sweden. It is a multiethnic city, where 27% of the inhabitants being of foreign origin, and every other child born having at least one parent born in another country. The study was population-based cross-sectional with retrospective information on presence of secondhand tobacco smoke during early life. The study population was 4 year old children from Malmö, who visited the Child Health Care (CHC) centres for their 4-year checkup during 2006-2008 and whose parents answered a self-administered questionnaire (n = 4,278 children), i.e, 67% of the children who received the questionnaire. The CHC centres in Sweden are a well-established organisation with a strong tradition, monitoring children's physical and developmental health in order to reduce mortality, morbidity and disability among new born and young children. The CHC centres offer base programs including regular visits, controlling each child's weight, length, hearing, sight, physical and psychological development and administration of vaccinations according to the base program, until the child is 5-6 years old. The base program at the CHC centres includes 15 visits from age 0 to age 4 years. Some of the visits are conducted with a nurse and some of the visits with a nurse and a psysician. The CHC centres support and educate parents concerning childcare and child development. The emphasis is prevention of ill-health, the consultations are free of charge and optional. The CHC focus is prevention; visits are voluntary and the consultations are free of charge. As many as 99% of children aged 0-6 participate in the programme [13] .
The questionnaire addresses issues such as the child's family situation, parents' educational level, country of birth, occupation and emotional and financial security. It also covers questions about weight, allergies, maternal smoking during pregnancy, secondhand tobacco smoke, breastfeeding and antibiotic consumption. The questionnaire was validated and tested for reliability, and translated into five different languages: Albanian, Arabic, English, Serbo-Croatian, and Somali [14] .
Allergy definition
Having an allergy was assessed through parents reporting that the child had or had had allergic diseases (i.e., atopic eczema, hay fever, asthma or food allergies). Nickel and penicillin allergies were not considered. The categories were; no allergies, suspected allergies, confirmed allergy tested positive in skin prick test, in blood test or by provocation, or severe allergy diagnosed by a physician with need of medication for at least three months of the year, and the last category was I don't know. Those reporting confirmed allergies or having severe allergies were considered as having an allergy. Parental allergy was assessed through an identical question, but directed at each biological parent instead. Parents reporting confirmed allergies or having severe allergies were considered as having an allergy. Presence of allergy was further assessed by the question if the child had sought medical care in addition to the regular CHC-visits during the last 12 months, due to atopic eczema, food allergies or asthma.
Secondhand tobacco smoke and smoking during pregnancy
Secondhand tobacco smoke during early life was assessed by the question: Did anyone in the family smoke when the child was 0-4 weeks of age? The answering alternatives were: No, yes -mother/stepmother smoked on a daily basis (also including outdoor smoking), or yesfather/stepfather smoked on a daily basis (including outdoor smoking), or yes-siblings or other person smoked on a daily basis (including outdoor smoking). Secondhand smoking at 0-4 weeks of age was divided into no (no secondhand smoking at all) and yes (daily secondhand tobacco smoke, including smoking outside). An identical question was used to assess secondhand smoking at 8 months of age and a similar question was also used to assess secondhand tobacco smoke at 4 years of age. Maternal smoking during pregnancy was divided into yes and no.
Parental and child characteristics
Parents' country of birth was divided into: both parents born in Sweden, one parent born in Sweden, and both parents born outside Sweden. Maternal educational level was based on years of schooling and divided into 9 years and less, 10-12 years, and more than 12 years of education. Taken part of parental education program was divided into taken part or not taken part. Crowded living was defined as a household having more than 2 persons per room excluding the kitchen and toilet. Emotional support was assessed with the question: Do you have someone that can give you proper personal support to cope with life's stress and problems? with answers being classified into high emotional support (definitely yes or probably yes) and low emotional support (not for certain or no).
Characteristics of the child were also assessed. Low birth weight was classified as <2500 g, and normal birth weight as ≥2500 g. Position among siblings in the family was dichotomised into firstborn versus secondborn or later. Having been breastfed was classified into: yes or no. Having a pet was divided into yes or no.
Statistical methods
Logistic regression was used to analyse the associations between secondhand tobacco smoke and the development of an allergy. Multiple logistic regression analyses were performed in order to adjust the estimated odds ratios (OR) for the influence of potential confounding factors, i.e., sex, year of investigation, (i.e., 2006, 2007 or 2008) , maternal smoking during pregnancy, maternal educational level, parents' country of birth, taken part of parental education program, crowded living and having a pet. Furthermore, stratified analyses were performed with regard to secondhand tobacco smoke in relation to the heredity for allergy. Potential synergistic effects between presence of secondhand smoke and presence of parental allergy were tested using logistic regression analysis, adjusted for potential confounders. Synergi index = ((OR(AB) -1)/(OR(Ab) -1) + (OR(aB) -1)) where OR = Odds ratio; Ab = exposed to one risk factor; aB = exposed to the other risk factor; AB = exposed to both risk factors. Synergistic interaction was defined to be present if the effect of both exposures was more than additive compared with their independent effects (synergy index, S > 1) [15] . Confidence intervals (95%) for the synergy indexes were calculated [16] . Statistical analyses were performed with version 17.0 of SPSS for Windows. The study was approved by the Regional Ethical committee, Lund University. Table 1 describes the associations between characteristics of 4-year old children and presence of secondhand tobacco smoke early in life. In total, 894 (22%) of the 4-year-old children had presence of secondhand tobacco smoke during their first month in life. Children with such presence of secondhand smoke more often had a mother with low educational level, had parents not born in Sweden, had a mother who smoked during pregnancy, had a pet, had crowded living, had less often taken part in parental educational programs, less often had a parent with an allergy, had less often been breastfed and were less often firstborn compared to children not exposed to secondhand smoking. There were no statistically significant differences with regard to sex, low birth weight and low emotional support. Children with presence of secondhand tobacco smoke at 0-4 weeks of age also to a very high degree had presence of secondhand tobacco smoke at 8 months and at 4 years of age. A similar pattern of association was seen for presence of secondhand smoking at 8-months of age. Most of the factors used as confounders in the forthcoming analyses showed associations both with presence of secondhand tobacco smoke and presence of allergies/having sought medical care due to allergic symptoms at 4 years of age. Table 2 shows the adjusted associations between early secondhand tobacco smoke and parental allergy on the one hand, and presence of allergy at four years of age and having sought care due to allergic symptoms, respectively, on the other hand. Adjustments were made for potential confounders. There was a two to four times increased odds of the child having an allergy or having sought medical care due to allergic symptoms if at least one parent had an allergy, while there were rather small increased odds related to presence of secondhand smoke during the child's first month in life or at the age of 8 months.
Results
There was complete information on the children having or having had an allergy, presence of an allergy among the parents and presence of secondhand tobacco smoke in 2860 children (for secondhand smoke at 0-4 weeks) and 2740 children (for secondhand smoke at 8 months) (i.e., two thirds of the study population). Table 3 presents four groups constructed based on presence of secondhand tobacco smoke early in life and presence of parental allergy, i.e., children with no presence of daily secondhand tobacco smoke during early life and whose parents had no allergy (reference group), children with presence of daily secondhand tobacco smoke during early life and whose parents had no allergy, children with no presence of daily secondhand tobacco smoke during early life and with at least one parent having an allergy and children with presence of daily secondhand tobacco smoke during early life and with at least one parent having an allergy. Children with heredity for allergies and with presence of secondhand tobacco smoke during their first month in life had highly increased odds of developing an allergy, while no such effect was seen among children with presence of secondhand tobacco smoke but without heredity for allergies. The synergy index was 2.05 (95% CI: 1.09, 3.86). As it is larger than 1 it shows a synergistic effect of parental allergy and presence of secondhand smoke during the first month in life on developing an allergy up to the age of four years. A similar pattern of association was seen for presence of secondhand smoke at 8 months of age (table 3) and with a synergy index of 1.48 (95% CI: 0.79, 2.79) (data not shown in table).
There was complete information on having sought medical care due to allergic symptoms, presence of an * OR, odds ratio; CI, confience interval; Secondhand tobacco smoke was categorized into no (no secondhand tobacco smoke at all) and yes (daily secondhand tobacco smoke, including smoking outside). † Parents reporting that the child had or had had allergic diseases (i.e., atopic eczema, hay fever, asthma or food allergies). Those reporting confirmed allergies (tested positive in skin prick test, in blood test and by provocation) or having severe allergies were considered as having an allergy;. Allergies were further assessed by the question if the child had sought medical care during the last 12 months, due to atopic eczema, food allergies or asthma. ‡ Adjusted for sex, year, maternal smoking during pregnancy, maternal educational level, parents'country of birth, taken part of parental education program, crowded living and having a pet.
allergy among the parents and presence of secondhand smoke in 3264 children (for secondhand smoke at 0-4 weeks) and 3136 children (for secondhand smoke at 8 months) (i.e., three quarters of the study population). Table 4 presents the odds of having sought medical care due to allergic symptoms during the last year using the same categorization as mentioned above. Children with heredity for allergies and with presence of secondhand tobacco smoke during their first month had highly increased odds of having sought medical care due to allergic symptoms, while no such effect was seen among children with presence of secondhand tobacco smoke but without heredity for allergies. The synergy index was 2.24 (95% CI: 0.94, 5.34). As it is larger than 1 it indicates a synergistic effect of parental allergy and presence of secondhand smoke during the first month in life on having sought medical care due to allergic symptoms during the last year at 4 years of age. However, the synergy index was not statistically significant. A similar and somewhat stronger association was seen for secondhand smoke at 8 months of age (table 4) and with a synergy index of 3.26 (95% CI: 1.33, 8.00)) (data not shown in table) .
Discussion
This population-based study on 4-year old children in Malmö, Scania, Sweden, showed that presence of secondhand tobacco smoke at an early age tended to be * OR, odds ratio; CI, confience interval; Secondhand tobacco smoke at 0-4 weeks and 8 months were categorized into no (no secondhand tobacco smoke at all) and yes (daily secondhand tobacco smoke, including smoking outside). † Reference level. ‡ Presence of allergy was assessed by the question if the child had sought medical care during the last 12 months, due to atopic eczema, food allergies or asthma. § Adjusted for sex, year, maternal smoking during pregnancy, maternal educational level, parents'country of birth, taken part of parental education program, and having a pet. ¶ Statistically significantly different (p < 0.05) from the category: At least one parent with an allergy and no secondhand tobacco smoke.
associated with a somewhat increased prevalence of reported allergies and allergic symptoms although these associations were non-significant. However, children with heredity for allergies and with presence of secondhand tobacco smoke during early life had highly increased odds of developing an allergy and having sought medical care due to allergic symptoms. Early exposure to secondhand smoking has been shown to be associated with the development of asthma and wheezing episodes [5] , allergic sensitization and sensitization to food allergens [6, 7] , and the development of atopic eczema [8] . If established asthma is present, secondhand tobacco smoke is associated with a more severe course [5] . However, there are also studies showing no associations between exposure to secondhand tobacco smoke and allergic sensitization [9] and a larger effect of prenatal than postnatal exposure of tobacco on sensitization in children [12] . Furthermore, as in this study, earlier studies have shown an increased risk of developing an allergy if the parents have an allergy (8, (10) (11) (12) . This is in consensus with established theories of allergy heredity and also confirmed by the Swedish BAMSE study, a prospective birth cohort study among children (1-14 years of age) in four areas in Stockholm started in 1994. The study concludes that there is a 24% risk for future asthma and allergies if the child's parents don't have allergies or asthma and a 55% risk if both parents are allergic [17] .
Assessment of interaction is often performed by simply introducing product terms into logistic risk models. This practice has been criticized with arguments that the product term expresses interaction in a statistical meaning and not in a biological sense [18] . Rothman's model of synergism used in the present study is based on the theory of two causes being component causes in the same sufficient cause [19] . The criterion for interaction is departure from additivity and the reference group for the comparisons is the group unexposed to either factor. Rothman's model of synergism is based on additive models and was recommended in a review on how to evaluate interaction by Hallqvist et al. [19] . This model has the advantages in that information from different types of studies can be employed, it has a theoretical background, and there is methodology to obtain confidence intervals from multiple regression software [19] . There are also other methods of assessing measures of interaction as departure from additivity such as the attributable proportion (AP) and the relative excess risk due to interaction (RERI) [20] . In the present study, early exposure to secondhand tobacco smoke and having allergic parents seemed to have a synergistic effect on the development of an allergy and allergic symptoms, enhancing the independent effects of heredity and secondhand tobacco smoke. Similar results were found in a study by Jaakkola et al. using a similar methodology of measuring interaction concluding that genetic heritage is a factor affected by secondhand smoke conditions and the odds of having asthma was more than twofold in children with an atopic heredity and early presence of secondhand tobacco smoke [10] . Similar results were also found in a prospective multicenter birth cohort study by Keil et al. showing an increased risk of allergic sensitization and the development of asthma symptoms if the mother was smoking and if having allergic parents, while there was no increased risk if only having a smoking mother but no heredity [11] . Furthermore, several experimental genetic studies confirm that genetic factors and secondhand factors act together and might modulate the development of allergy and asthma [21] [22] [23] [24] .
We found that parents not taken part of parental education more often exposed their children to secondhand smoke than parents taken part. Other studies show that there is a value in parental education in different forms, and it may lead to decreased exposure of the child [25, 26] . Furthermore, in our study children with parents having an allergy were exposed to tobacco smoke to a lower degree than children with parents without allergies. Similar results have been shown in other studies [27] .
Certain methodological issues need to be addressed. Parents with 4-year-old children were at the Child Health Care centres visit at 4-years of age (99% of children aged 0-6 participate in the Child Health Care centres programme) [13] invited to participate in the study by answering the questionnaire. The total number of children whose parents answered the questionnaire during the study period was 67% or about two thirds of all those who received the questionnaire. An earlier study showed only small differences between participants and non-participants with regard to being born in Sweden or not and the parents' educational level [14] . Selfreported smoking is a potential source of bias. A recent review found a tendency of underestimation of selfreported smoking, especially when smoking is seen as undesirable i.e., during pregnancy [28] . Such an underestimation would lead to a dilution of the true associations and the results might be even stronger if corrected for this underestimation. However, there are also studies that have validated questionnaire information on presence of secondhand smoke in early childhood through blood samples measuring cotinine and thiocyanate in serum with good agreement between high and low levels of biomarkers and daily and non-smoking mothers [29] . Furthermore, a Danish study from 2004 showed a high validity of self-reported smoking among parents during pregnancy and early childhood. Repeated interviews and CO measurements in a prospective study design did not change the validity, indicating a low risk of information bias [30] . Moreover, in our study, children exposed to secondhand tobacco smoke at 0 to 4 weeks were also to a very high degree exposed at 8 months and still highly exposed at 4 years of age. This suggests a consistency in the assessments and that the same children are exposed over a long period of time. Self-reported allergies might be another potential source of bias. Parents who suffer from allergies or who smoke may be more alert in seeking medical care for their children based on recognizing symptoms. The questions used to code the children as having an allergy include allergy confirmed through skin prick test, blood sample, or by provocation, or having it diagnosed by a physician and requires medication at least three months of the year or having sought medical care due to allergic symptoms care in addition to the regular CHC-visits. These groups have rather severe allergic problems and we believe that the risk for inaccurate reporting should be rather small. Torén et al confirms that self reported asthma is more accurate in severe cases than among mild cases [31] . In all, 87% of those with clinically diagnosed asthma in adult age reported that they had or had ever had asthma and where those with moderate or severe asthma were 6 times more prone to report having or having had asthma compared to the mild cases [31] . One weakness of our study is that we only have complete information on secondhand smoke, parental as well as child allergies in about two thirds of the population. Children with such missing information were similar to the whole study population with regard to sex, but more often had low educated mothers and more often had presence of secondhand smoke at 0-4 weeks and at 8 months in life than children with complete data. On those children with information on either allergy in the child or parental allergy, the prevalences of both child and parental allergies were higher than among those included in the analyses. Since we do not have information on the prevalence of child allergy among those with missing data in more than part of the population it is hard to say anything about the effect of the missing data on the found associations. One strength of the present study was the fact that the questionnaire had been tested for reliability and translated into five different languages [14] . We chose to adjust for the following confounding factors: sex, year, maternal smoking during pregnancy, maternal educational level, parents' country of birth, taken part of parental education, crowded living and having a pet. However, there might have been other confounding factors not included in our models.
Conclusion
This study shows that while presence of secondhand tobacco smoke at an early age tended to be associated with a somewhat increased prevalence of reported allergies and allergic symptoms, children with heredity for allergies and with presence of secondhand tobacco smoke during early life had highly increased odds of developing an allergy. Thus, there was a synergistic effect enhancing the independent effects of heredity and exposure to secondhand tobacco smoke on allergy development. The secondhand tobacco smoke effects on children is an essential and urgent question considering it not being self chosen, possibly giving life lasting negative health effects and being possible to reduce. Children with both a family history of allergies and exposure to secondhand tobacco smoke is a risk group that prevention and intervention should pay extra attention to.
